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[57] ABSTRACT 

A digital positioning system for a joystick. The system uses 
a potentiometer having one input coupled to a constant 
supply voltage and a second input coupled to a joystick 
game port for generating a variable resistance representative 
of a current position of the joystick. A constant current 
source is coupled to the joystick game port for generating a 
current for converting the variable resistance representative 
of the current position of the joystick to a voltage level 
representative of the current position of the joystick. An 
analog-to-digital (A/D) converter circuit is coupled to the 
joystick game port and is used to convert the voltage level 
representative of the current position of the joystick to a 
digital representation of the current position of the joystick, 

11 Chums, 1 Drawing Sheet 
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DIGITAL POSITIONING JOYSTICK SYSTEM 
AND METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to peripheral components for com- 
puter systems and. more specifically, to a digital positioning 
joystick system for a computer system and method therefor. 

2. Description of the Prior Art 

Currently, most computer games are developed using 
programs which interface with one or more "joysticks". The 
joysticks are polled in order to resolve the current joystick 
axes position and button status. The movement of each 
joystick is monitored by one or more potentiometers. The 
joystick swings through a range on the potentiometer which 
is used to set a time delay of a one-shot multi-vibrator. 
Generally, two or more orthogonally arranged potentiom- 
eters are used per joystick to obtain related current axial 
settings of each joystick. Each of the axial settings sets a 
separate one-shot multi-vibrator to establish a different time 
delay which is used to determine the current axial position 
of the joystick. 

The problem with current joysticks is that the accuracy of 
the potentiometer output readout may be imprecise or incon- 
sistent due to the multi-vibrator. The readings vary particu- 
larly with changes in temperature and with inherent varia- 
tions in components during manufacture. Furthermore, a 
relatively large component count is required for each multi- 
vibrator. But perhaps the biggest problem with current 
joystick systems is that a large amount of bus cycles are 
consumed by intense software loops which continuously 
poll the joystick system in order to determine the current 
axial position of the joystick. If less bus cycles are 
consumed, the saved bus cycles could be used for other 
operations within the computer system thereby increasing 
system performance. 

Therefore, a need existed to provide an improved joystick 
positioning system and method therefor. The improved 
joystick positioning system must consistently produce an 
accurate indication of the current axial position of the 
joystick. The improved joystick positioning system must 
further reduce the peripheral bus overhead associated with 
traditional joysticks. The improved joystick positioning sys- 
tem will be a digital positioning joystick system. The digital 
joystick positioning system will replace the Resistor- 
Capacitor (RC) timer circuit currently being used with a 
more accurate Analog/Digital (A/D) converter. 

SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present 
invention, it is an object of the present invention to provide 
an improved joystick positioning system and method there- 
for. 

It is another object of the present invention to provide an 
improved joystick positioning system and method therefor 
that will consistently produce an accurate indication of the 
current axial position of the joystick. 

It is still another object of the present Invention to provide 
an improved joystick positioning system and method there- 
for that will reduce the peripheral bus overhead associated 
with traditional joysticks. 

It is still a further object of the present invention to 
provide an improved joystick positioning system that is a 
digital positioning system which replaces the RC timer 
circuit currently being used with a more accurate A/D 
converter. 
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BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance with one embodiment of the present 
invention, a digital positioning system for a joystick is 

5 disclosed. The digital positioning system uses potentiometer 
means having one input coupled to a constant supply voltage 
and a second input coupled to a joystick game port for 
generating a variable resistance representative of a current 
position of the joystick. A constant current source is coupled 

1C to the joystick game port for converting the variable resis- 
tance representative of the current position of the joystick to 
a voltage level representative of the current position of the 
joystick. An analog-to-digital (A/D) converter circuit is 
coupled to the joystick game port for converting the voltage 

13 level representative of the current position of the joystick to 
a digital voltage signal representative of the current position 
of the joystick. 
In accordance with another embodiment of the present 

^ invention, a method of providing a digital positioning sys- 
tem for a joystick is disclosed. The method comprises the 
steps of: providing potentiometer means having one input 
coupled to a constant supply voltage and a second input 
coupled to a joystick game port for generating a variable 

25 resistance representative of a current position of the joystick; 
providing a constant current source circuit coupled to the 
joystick game port for converting the variable resistance 
representative of the current position of the joystick to a 
voltage level representative of the current position of the 

M joystick; and providing an analog-to-digital (A/D) converter 
circuit coupled to the joystick game port for converting the 
voltage level representative of the current position of the 
joystick to a digital voltage signal representative of the 
current position of the joystick. 

35 The foregoing and other objects, features, and advantages 
of the invention will be apparent from the following, more 
particular, description of the preferred embodiments of the 
invention, as illustrated in the accompanying drawings. 

^ BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified functional block diagram of a prior 
art joystick positioning system. 

FIG. 2 is a simplified functional block diagram of the 
digital joystick positioning system of the present invention. 
43 FIG. 3 shows th e V-I characteristics for the current source 
used in the digital joystick positioning system depicted in 

FIG. 4 is a simplified functional block diagram of a two 
50 joystick system implementing one embodiment of the digital 
joystick positioning system of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

55 Referring to FIG. 1 , a standard prior art joystick position- 
ing system 10 (hereinafter system 10) is shown. The system 
10 uses a three terminal variable resistor 12 (i.e.. 
potentiometer). One terminal of the variable resistor 12 is 
coupled to a reference voltage source V,^ The central tap of 

60 the variable resistor 12 is coupled to a game port 14 of the 
joystick. The third terminal of the variable resistor 12 is 
unconnected (UC). The game port 14 is generally connected 
to a resistor-capacitor (RC) timer circuit 16 (Le>, one shot 
multivibrator). 

65 The movement of each joystick is monitored by the 
variable resistor 12. The joystick swings through a range on 
the variable resistor 12 which is used to set a time delay of 



12/13/2002, EAST Version: 1.03.0002 



5,786 ? 808 

3 4 

the RC timer 16. In general, two or more orthogonally the joystick position into a voltage representation. It is also 

arranged variable resistors 12 are used per joystick to obtain important to have a constant current source 28 which has a 

related axial settings. Each of the axial settings sets a very high output impedance for the same reason, 

separate RC delay circuits 16 to establish different time Referring now to FIG. 4. a two joystick system 30 is 

delays and thus the present position of the joystick. 5 shown (hereinafter system 30) which implements one 

As stated above, the problem with current joysticks is that embodiment of the digital joystick positioning system 20 

the accuracy of the potentiometer output readout may be (FIG. 2) of the present invention. While the system 30 has 

imprecise or Inconsistent due to the multi- vibrator. The two joysticks, the system 30 will be described with regards 

readings vary particularly with changes in temperature and to me ^ joystick. However, it should be noted that the 

with inherent variations in components during manufacture. 10 second joystick will be similar in design to the first joystick. 

Furthermore, a relatively large component count is required The movement of the first joystick is monitored by two or 

for each multi-vibrator. However, the biggest problem with more potentiometers 32 and 34. The potentiometer 32 will 

current joystick systems is that a large amount of bus cycles monitor movement along the X-axis, while the potentiom- 

are consumed by intense software loops which continuously eter 34 ^ monitor movement along the Y-axis. Both 

poll the joystick system in order to determine the current is potentiometers 32 and 34 will be a three terminal variable 

axial position and button status of the joystick. If less bus resistor. One terminal of each potentiometer 32 and 34 is 

cycles are consumed, the saved bus cycles could be used for coupled to a reference voltage source The central tap of 

other operations within the computer system thereby th« potentiometers 32 is coupled to the joystick game port 

increasing system performance. I X 36, while the central tap of the potentiometer 34 will be 

Referring to FIG. 2, the digital positioning joystick sys- 20 10 »he joystick game port 1-Y 38. The third terminal 

tem 20 of the present invention (hereinafter system 20) is of ^°J Potentiometers 32 and 34 are unconnected (UC). 

shown. Like the prior art system 10 (FIG. 1). the system 20 ^ J 0 **"* ^ ?»J ** «■"> 38 « coupled to a 

uses athreeterminal potentiometer 22. The potentiometer 22 "™ l B^eraQon circuit 40. The current generation circmt 

has one terminal coupled to a reference voltage source 40 h« a constant current source 42. THe constant current 

The central tap of the potentiometer 22 is coupled to a game 25 42 is u j* d for generating * constant current (I). In the 

port 24 of the joystick. The third terminal of the potentiom- P"**"* embodjnent of the present invention, die constant 

eter 22 is unconnected (UC). current sow1x 42 must generate a current (I) which is less 

. ... .„ than or equal to: 

The main difference between the prior art system 10 (FIG. 

1) and the system 20 is that the RC timer circuit 16 (FIG. 1) 3C NV^y^^* (3) 

£ > C , 10 h " ^ ^ f^lT whcrcin V ^ is * c *Wly voltage coupled to both potenli- 

Digital (A/D) converter 26. However, the add-on of the QmcXas ^ ^ ™> a * mc 

A/D converter 26 is not sufficient for the system 20 to consUint 42 wnich is defma T£ mc boundary 

generate a digital represenUhon of the current position of bdbmk a ^ and a saturation of me COQStant 

the joystick. The A/D converter^ generally samples volt- 35 culTCDt ^cc 42. and R_ is the maximum individual 

age levels and no resistance. Thus .the A/D oonverta : 26 resistance of the potentiometer^ 32 or 34. A constant current 

wdl employ a voltage sample and hold type ctrcuit which SOUfCC ^ which ^ , which fa lcsj ^ or 

requires a voltage source as an mr«t However, since the ^ ^y^fi^^^^^^^ 

anient m the system 20 is zero (0). the A/D converter 26 conversion of ^ joystick p^ ltioQ into a voltagc rcprcsen . 

will always sample v^. w tation The constant c^^i sourcc 42 should also have a 

Because of the above problem, the system 20 employs a high output impedance for the same reason, 

constant current source 28 coupled between the game port a current mirroring circuit 44 is coupled to the constant 

24 and ground. When the joystick changes positions, a current source 42 and to each joystick game port 36 and 38. 

voltagc V jtl/rw _^ < , rt will be generated at the game port 24 The current mirroring circuit 44 provides an equal current I 

which is proportional to the current position of the joystick. 45 to each potentiometer 32 and 34 for converting each of the 

The voltage V^ flI ^^ ( , rf is defined as: individual variable resistances of each of the potentiometers 

32 and 34 to individual voltage levels representative of the 

y^^r-y^M*-^ (1) current axial position of the first joystick. The current 

where is the constant supply voltage coupled to the circuit 44 has a first CMOS transistor 46 having 

potentiorSter 22. is a current resistance of the 50 g i te ' tCmun ^" Thc drain ^ tcmU - 

potentiometer 22. aid I is the current supplied by the aah of ±c transistor 46 are coupled to the constant 

constant current source 28. The value of the constant current currcDt 50urcc «• whilc * c of the CMOS 

source 28 should be chosen so that when R^^ii equal to faster 46 is coupled to ground. The second CMOS 

the maximum joystick resistance, the cfirent from the ^sistors 48 mirror Recurrent I through CMOS transistors 

constant current source will be defined as: 55 46 of sccond CMOS transistors 48 also have drain. 

gate, and source terminals. The gate terminals of each of the 

i^v^vy (2) second CMOS transistors 48 are coupled to the drain and 

gate terminals of the first CMOS transistor 46. The source 

where V f is a threshold voltage level of the constant current terminals of each of the second CMOS transistors 48 are 

source 28 which is defined as a voltage level between a 60 coupled to ground. The drain terminals of each of the second 

linear and saturation region of the constant current source CMOS transistors 48 are individually coupled to a separate 

28. As can be seen in FIG. 3, the voltage level V(I) of the and different joystick game port 

constant current source 28 is directly proportional to the As the joystick moves, each potentiometer 32 and 34 

current I up to the threshold voltage V, (linear region). After swings through a resistance range from zero (0) to R^^t- 

the threshold voltage V r the current I enters a saturation 65 When the joystick changes positions, thc current I causes a 

region. Preventing the constant current source 28 from voltage at each game port 36 and 38 to be generated which 

entering into the linear region ensures a linear conversion of is proportional to the current axial position of the joystick 
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(Lc. V rt ^ x is a voltage level at the joystick game 
port 1-X 3iowhich is proportional to the current X-axis 
position of the first joystick and V „ L . Y is a voltage 
level at the joystick game port 1-Y 38 which is proportional 
to the current y-axis position of the first joystick). An 
analog-to-digital (A/D) converter circuit 50 takes the mea- 
sured voltage levels at each joystick game port 36 and 38 
and converts each individual voltage level representative of 
a current axial position of the first joystick to individual 
digital representations of the current axial position of the 
first joystick. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment thereof 
it should be understood by those skilled in the art that 
changes in form and detail may be made therein without 
departing from the spirit and scope of the invention. 

What is claimed is: 

1. A digital positioning system for a joystick comprising, 
in combination: 

a plurality of potentiometers each of said plurality of 
potentiometers having one input coupled to a constant 
supply voltage and a second input coupled to a joystick 
game port each of said plurality of potentiometers 
generating an individual variable resistance represen- 
tative of a current axial position of said joystick; 

a constant current generation circuit coupled to said 
joystick game ports for generating a current for con- 
verting each of said individual variable resistances 
representative of said current axial position of said 
joystick to individual voltage levels representative of 
said current axial position of said joystick; and 

an analog-to-digital (A/D) converter circuit coupled to 
said joystick game ports for converting each of said 
individual voltage levels representative of said current 
axial position of said joystick to individual digital 
voltage signals representative of said current axial 
position of said joystick; 

wherein said constant current generation circuit com- 
prises: 

a constant current source for generating said current; 
and 

a current mirroring circuit coupled to said constant 
current source and to said joystick game ports for 
sending said current generated by said constant cur- 
rent source to each of said plurality of potentiometers 
for converting each of said individual variable resis- 
tances of each of said plurality of potentiometers to 
said individual voltage levels representative of said 
current axial position of said joystick, 

2. A digital positioning system for a joystick in accor- 
dance with claim t wherein said current mirroring circuit 
comprises: 

a first CMOS transistor having drain, gate, and source 
terminals wherein said drain and gate terminals are 
coupled to said constant current source and said source 
terminal is coupled to ground; and 

a plurality of second CMOS transistors equal in number 
to said plurality of potentiometers, each of said plural- 
ity of second CMOS transistors having drain, gate, and 
source terminals wherein each of said gate terminals of 
said plurality of second CMOS transistors is coupled to 
said drain and gate terminals of said first CMOS 
transistor, each of said source terminals of said plurality 
of second CMOS transistors is coupled to ground, and 
each of said drain terminals of said plurality of second 
CMOS transistors is individually coupled to a separate 
and different joystick game port 



3. A digital positioning system for a joystick in accor- 
dance with claim 1 wherein said current (T) generated by said 
constant current source is less than (V^V,)/ R^,^ 
wherein V^is said constant supply voltage coupled to each 
5 of said plurality of potentiometers, V, is a threshold voltage 
level of said constant current source which is a boundary 
between a linear and a saturation region of said constant 
current source, and R^,,^* is a maximum resistance of said 
potentiometer. 

ia 4. A digital positioning system for a joystick in accor- 
dance with claim 1 wherein said constant current source has 
a high output impedance to ensure a linear conversion of 
said variable resistance representative of said current axial 
position of said joystick to said voltage level representative 
15 of said current axial position of said joystick. 

5. A method of providing a digital positioning system for 
a joystick comprising the steps of: 
providing potentiometer means having one input coupled 
to a constant supply voltage and a second input coupled 
20 to a joystick game port for generating a variable 
resistance representative of a current position of said 
joystick; 

providing a constant current source circuit coupled to said 
joystick game port for generating a current for convert- 
ing said variable resistance representative of said cur- 
rent position of said joystick to a voltage level repre- 
sentative of said current position of said joystick; and 
providing an analog-to-digital (A/D) converter circuit 
coupled to said joystick game port for converting said 
voltage level representative of said current position of 
said joystick to a digital voltage signal representative of 
said current position of said joystick; 
wherein said step of providing potentiometer means fur- 
ther comprises the step of providing a plurality of 
potentiometers wherein each of said plurality of poten- 
tiometers has one input coupled to said constant supply 
voltage and a second input coupled to separate joystick 
game ports each of said plurality of potentiometers 
generating an individual variable resistance represen- 
tative of a current axial position of said joystick; and 
wherein said step of providing a constant current source 
circuit further comprises the steps of: 
providing a constant current source for generating said 
45 current; and 

providing a current mirroring circuit coupled to said 
constant current source and to said joystick game 
ports for sending a current generated by said constant 
current source to each of said plurality of potenti- 
ometers for coo verting each of said individual vari- 
able resistance of each of said plurality of potenti- 
ometers to said individual voltage levels 
representative of said current axial position of said 
joystick. 

5 5 6. The method of claim 5 wherein said step of providing 
said current mirroring circuit further comprises the steps of: 
providing a first CMOS transistor having drain, gate, and 
source terminals wherein said drain and gate terminals 
are coupled to said constant current source and said 
6o source terminal is coupled to ground; and 

providing a plurality of second CMOS transistors equal in 
number to said plurality of potentiometers, each of said 
plurality of second CMOS transistors having drain, 
gate, and source terminals wherein each of said gate 
65 terminals of said plurality of second CMOS transistors 
is coupled to said drain and gate terminals of said first 
CMOS transistor, each of said source terminals of said 
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plurality of second CMOS transistors is coupled to 
ground, and each of said drain terminals of said plu- 
rality of second CMOS transistors is individually 
coupled to a separate and different joystick game ports. 

7. Hie method of claim 5 wherein said step of providing 5 
said constant current source further comprises the step of 
providing said constant current source which generates said 
current (I) which is less than (V^V,)/ R^ #ridk wherein 

is said constant supply voltage coupled to each of said 
plurality of potentiometers. V, is a threshold voltage level of ic 
said constant current source which is a boundary between a 
linear and a saturation region of said constant current source, 
and R^fe* 15 a maximum resistance of said potentiometer. 

8. The method of claim 5 wherein said step of providing 
said constant current source further comprises the step of is 
providing said constant current source which has a high 
output impedance to ensure a linear conversion of said 
variable resistance representative of said current axial posi- 
tion of said joystick to said voltage level representative of 
said current axial position of said joystick. 20 

9. A digital positioning system for a joystick comprising, 
in combination: 

a plurality of potentiometers each of said plurality of 
potentiometers having one input coupled to a constant 
supply voltage and a second input coupled to a joystick 25 
game port each of said plurality of potentiometers 
generating an individual variable resistance represen- 
tative of a current axial position of said joystick; 

a constant current generation circuit coupled to said 
joystick game ports for generating a current for con- 30 
verting each of said Individual variable resistances 
representative of said current axial position of said 
joystick to individual voltage levels representative of 
said current axial position of said joystick, said con- 
stant current generation circuit comprising: 
a constant current source for generating said current; 
and 

a current mirroring circuit coupled to said constant 
current source and to said joystick game ports for 
sending said current generated by said constant cur- 
rent source to each of said plurality of potentiometers 
for converting each of said Individual variable resis- 



35 



40 



tances of each of said plurality of potentiometers to 
said individual voltage levels representative of said 
current axial position of said joystick, said current 
mirroring circuit comprising: 
a first CMOS transistor having drain, gate, and 
source terminals wherein said drain and gate ter- 
minals are coupled to said constant current source 
and said source terminal is coupled to ground; and 
a plurality of second CMOS transistors equal in 
number to said plurality of potentiometers, each of 
said plurality of second CMOS transistors having 
drain, gate, and source terminals wherein each of 
said gate terminals of said plurality of second 
CMOS transistors is coupled to said drain and gate 
terminals of said first CMOS transistor, each of 
said source terminals of said plurality of second 
CMOS transistors is coupled to ground, and each 
of said drain terminals of said plurality of second 
CMOS transistors is individually coupled to a 
separate and different joystick game port; and 
an analog-to-digital (A/D) converter circuit coupled to 
said joystick game ports for converting each of said 
individual voltage levels representative of said cur- 
rent axial position of said joystick to individual 
digital voltage signals representative of said current 
axial position of said joystick. 

10. A digital positioning system for a joystick in accor- 
dance win claim 9 wherein said current (I) generated by said 
constant current source is less than (V^VJ/ R^,.^ 
wherein V^is said constant supply voltage coupled to each 
of said plurality of potentiometers, V, is a threshold voltage 
level of said constant current source which is a boundary 
between a linear and a saturation region of said constant 
current source, and R^^* is a maximum resistance of said 
potentiometer. 

11. A digital positioning system for a joystick in accor- 
dance with claim 9 wherein said constant current source has 
a high output impedance to ensure a linear conversion of 
said variable resistance representative of said current axial 
position of said joystick to said voltage level representative 
of said current axial position of said joystick. 
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